Introduction
Preparation plants use physical and chemical processes to remove impurities from coal.
Slurry is the fine-grain wet portion of the impurities removed from the coal. Most modern plants use the addition of various chemicals to aid in this separation. According to WVDEP figures, approximately eighty-five percent of the coal slurry produced in West Virginia is disposed in surface structures, such as slurry impoundments and slurry cells. This report investigates the fifteen percent of coal slurry produced by preparation plants in West Virginia that is injected underground.
Underground injection involves the placement of coal slurry in abandoned underground mine voids. Slurry is gravity fed into the underground mine via a network of slurry pipelines and injection wells. Under most conditions, the solid portion of slurry settles to the bottom of the mine void, while the liquid portion migrates.
In May of 2009 the West Virginia Department of Environmental Protection (WVDEP)
released the findings of Phase I of the "SCR-15" West Virginia legislative report on the environmental impacts of the underground injection of coal slurry. The completed Phase I SCR-15 study can be found at the WVDEP website.
http://www.dep.wv.gov/dmr/studies%20and%20investigations/Documents/Slurry%20UIC%20In vestigation.pdf
The finding detailed here are just a small part of the much larger report presented there. The second part of SCR-15 is being conducted by the West Virginia Division of Health and Human
Resources, who have contracted West Virginia University. SCR-15 Phase II will concentrate on the human health aspects of the underground injection of coal slurry along with an ecosystem analysis. This study is still in progress and can be tracked at it official website maintained by WVU at http://www.coalslurry.net/.
This study was conducted in response to concerns expressed by citizens and environmental organizations about potentially acute and chronic environmental impacts resulting from the underground injection of coal preparation plant slurry, the West Virginia Legislature mandated that a comprehensive study of the issue be conducted. The mandate, Senate Concurrent Resolution 15, or SCR-15, required: 1) An analysis of the chemical composition of coal slurry;
2) A hydrogeologic study of the migration of coal slurry into surface and/or groundwater;
3) An analysis of the effects of the coal slurry and its constituent contaminants on human health; 4) A study of the effects of coal slurry and its constituent contaminants on public health; 5) An environmental assessment of the effects on surface water and aquatic ecosystems; 6) Any other considerations that the Department of Environmental Protection and the Bureau for Public Health deem to be important.
A team comprised of personnel from the WVDEP, the WVDHHR, and OSMRE was selected to conduct the study. The first phase of which was completed in March 2009. The results of this phase, which assessed the chemical and environmental effects of underground slurry injection, will provide background data for the WVDHHR to complete the remainder of the requirements, specifically those involving human health.
Tasks and Objectives
The tasks of this first phase of the SCR-15 study, Items 1), 2), and 5), were addressed as follows:
1) An analysis of the chemical composition of coal slurry, including an inventory of organic and inorganic constituents was conducted at six sampling locations across the state. Solid and liquid components of the slurry were analyzed for more than 170 chemical constituents.
2).A hydrogeologic evaluation of the migration of coal slurry and its constituents into the surface and groundwater was conducted at four (4) mining sites. 5) An environmental assessment of the effects on surface water by direct and indirect migration of the injected slurry was performed. Additionally, a comparison of surface water quality upstream and downstream of the surface emplacement of coal slurry was conducted.
Criteria for Individual Sample Site Locations
Sample sites were selected by consensus of the SCR-15 study team with input from citizens and environmental groups concerned about the coal slurry issue. Locations are shown in Fig. 1 .
Southern Minerals
The first site to be chosen was Southern Minerals in McDowell County, the oldest continually active injection site in the state. Underground injection has occurred there for well over 30 years, which means the mine pool has had more time to accrue impacts to its water quality. If any chemical reactions take place over a long period of time, they would most likely be found at Southern Minerals. More importantly, two large public water supplies draw from areas of the flooded mines near the injection points. If water quality were degraded by slurry injection, this is where the impact to human health could be the most direct and on the largest scale.
Loadout
The second site was chosen on the basis of optimum scientific suitability; this was Loadout, LLC in Boone County. Loadout was chosen because it is the only site in the state where no other mining activity occurred in the watershed prior to slurry injection. Therefore, pre-injection baseline surface and groundwater quality could be analyzed that showed no impacts from slurry or any other large scale mining. Furthermore, significant parts of the watershed are still unaffected by mining and could be used as a reasonable baseline comparison.
Panther
The Panther, LLC site in Kanawha County was chosen because several area residents and environmental groups had brought water quality concerns to the attention of the study team.
However, after sampling had begun at Panther, it was discovered that no suitable groundwater monitoring was available. Because of this shortcoming, the SCR-15 group elected to study an additional hydrology site. 
Power Mountain
The fourth site chosen was Power Mountain in Nicholas County. It, too, was recommended for study by citizens and environmental groups. Power Mountain had engaged in slurry injection for decades, nearly as long as Southern Minerals. Also, there are several domestic wells in the vicinity of Power Mountain and some of the well users had reported water quality problems to local environmental groups.
Study of the Power Mountain site is complicated; of all the sites considered for sampling, this area is the most heavily disturbed by mining activity, past and present. Because of the scale of surface mining, deep mining, refuse disposal, and slurry emplacement at Power Mountain, this site would be expected to exhibit the greatest overall mining water-quality footprint.
Slurry-Only Sites
Lastly, two slurry-only sample sites were chosen. The slurry only sample sites were chosen so the variability of slurry constituents from a broader set of locations could be assessed. One, Coresco, Inc. in Monongalia County, was selected because it was the only slurry injection site in the high-sulfur northern coal fields and, therefore, was essential for assessing variability of slurry across the state. Additionally, Coresco was the only preparation plant that used no chemicals in its process. The other slurry-only site was Marfork in Raleigh County, which did not use slurry injection.
Methods and Laboratory Analysis
Parameter Selection
Prior to conducting field sampling activities, team members met and discussed the various parameters that would be evaluated at each site. A parameter listing for sampling coal, coal slurry, and surface and ground water was agreed upon by the team after several meetings in May 2007. The sample parameter listing is set forth in Appendix II-I of the online report. The listing contains more than 175 organic and inorganic parameters and the tests that the team recommended be evaluated for each site.
Both inorganic and organic parameters were analyzed for all samples collected at the sites.
The requirement that both organic and inorganic constituents of the coal slurry be determined was outlined in the Senate Concurrent Resolution that mandated the study and determined its objectives. Additionally, the study team deemed these parameters necessary for the health and environmental assessment also required by the Resolution.
Most of the organic and inorganic parameters were chosen from an established list used for general health and environmental assessments. Many of these parameters have known health risks with established standards. Additionally, other parameters were chosen based on previous environmental and health studies related to coal slurry and chemicals used at coal preparation plants.
Sampling Protocol
Team members took samples at the six study sites for testing. The samples were collected between July 2007 and July 2008.
The sampling protocol set forth in Appendix II-N was followed for all water and coal slurry sampling. These included using latex gloves and plastic sheeting to prevent contamination of the samples and sampling equipment; collecting samples in clean and appropriate containers; using distilled water to rinse sampling and field instruments; using trip blanks; using chemical preservatives, when necessary, and keeping samples chilled to 4 C°; photographing the sampling sessions; and completing and filing the chain-of-custody for each sample.
Coal Slurry Characterization
A comprehensive hydrologic assessment for each of the four sample sites is contained in Appendix I-A through D.
Information on coal slurry constituents is essential in understanding the potential impacts of coal slurry on the environment and to the public health. An accurate characterization of the slurry is necessary to determine the type and amount of constituents that may be released into the environment, in addition to its chemical stability under various conditions. Determining the water quality of the leachate and or liquid phase of the slurry once placed into the abandoned underground mine and the resultant water quality of the mine pool is essential in protecting the surrounding ground and surface waters.
A sampling program was designed and implemented to provide site specific and regional data on the coal slurry. The coal slurry samples represent the coal slurry produced at the preparation plant at the time of the sampling event and may not represent current or previous injectate. The program was designed to: a) provide essential data on the chemical composition of the solid and liquid phase of the slurry and the associated coal; b) provide comparisons and contrasts regarding coal quality, site locations and preparation plant processes; and c) determine if there exists a unique constituent that could be used to identify coal slurry impacts; i.e., a "tracer" to follow the migration of the slurry from the injection site into the surrounding hydrologic regime.
Six sample sets were collected at six different coal preparation plants located throughout the State. A sample of coal slurry and run-of-mine coal located at the preparation plant where injection activities occurred were collected and analyzed for a suite of organic and inorganic constituents. The liquid phase of the sample was separated at the lab through settling of the solids and decanting of the liquid. The solid and liquid portions (phases) of the slurry were then analyzed separately. To further understand the composition of the slurry, a solid coal and a simulated coal leachate was also analyzed. The coal was crushed to a size similar to that of the slurry, mixed with deionized water, and tumbled for a period of 24 hours to produce a simulated coal leachate.
The following table provides a description of the sampling points. Coal slurry was collected at each preparation plant thickener, and ranged from 10 to 50 percent solids. Both the liquid and the solid phase of the slurry was analyzed for approximately 175 constituents. The raw coal was collected from a coal stockpile at the preparation plant before cleaning. The coal should represent the material or particles that remain in the coal slurry after processing. However, due to the large and varied operations at some of the preparation plants, the coal may not represent the exact coal particles remaining in the slurry, nor does it necessarily represent the same coal seam where injection occurs. It does, however, represent coal from the surrounding area and provides data on the composition and relative constituents found in area coal. This is useful for comparisons with the constituents found in coal slurry.
The coal slurry characterization phase of this study focused on the chemical constituents composing coal slurry. Physical parameters (particle distribution, permeability, density, viscosity, etc.) were not tested on individual samples. General information on the coal slurry's physical characterization was taken from documents associated with the individual coal slurry injection sites and published information.
As noted earlier, the liquid and solid phases of the slurry were sampled separately. Summary and comparison tables have been completed, in addition to column plots, to help illustrate the data. An index of the tables and plots is shown below. The concentrations and constituents found in the solid phase were evaluated to determine the composition of the material; the evaluation of the solid phase does not take into consideration the mobility or availability of the constituents in the environment, whereas the liquid phase provides data on those constituents that have been dissolved in water and may be mobilized in the environment.
Organic Chemistry for Coal and Slurry Solid Phase -Table SC-A shows the organic compounds which were detected in the six sets of samples. The table illustrates the similarity of the coal seam and slurry in composition. The majority of the organic compounds detected were from a group of compounds called PAHs (Polycyclic Aromatic Hydrocarbons). These organic compounds are associated with coal, fuels, gas, oils and tars. They can occur naturally, or as a result of pollutants and are ubiquitous in the environment. As shown in the Table SC-A, most of the compounds detected in the coal are also detected in the slurry. Those compounds that were detected in the slurry samples, but not in the paired coal sample are acetone, chloromethane, ethylbenzene, n-propylbenzene, butylbenzene, naphthalene, n-nitrosodiphenylamine, and pyrene.
For slurry samples that did not have a paired coal sample, the other coal samples were used for comparison purposes. Of these compounds, only butylbenzene was shown to be in the coal slurry at the Panther, LLC. This can be attributed to several factors which are outlined in the individual report for Panther, LLC in Appendix I-C. Unfortunately, the type of testing performed cannot identify the exact source of these compounds because a more comprehensive set of data is necessary to identify the sources. If future studies are performed, a review of organic compound ratios from potential sources and the samples in question may be useful.
Organic Chemistry of the Liquid Phase of the Slurry -Table SC-B shows the organic compounds that were detected in the liquid phase of the slurry and the simulated leachate of the coal for all sample sites. As illustrated in the referenced table, only three compounds were detected in the liquid phase of the slurry that were not detected in the coal leachate, specifically:
naphthalene, phenanthrene and 2-butanone.
Naphthalene and phenanthrene are common PAHs and were detected in the liquid phase of the slurry at Loadout, LLC. The exact source of the compounds has not been determined, however, the compound 2-butanone which was measured in a slurry sample from the Panther, LLC site was determined to be associated with the coal preparation process. The organic compound found in the liquid phase of the slurry determined to be from the slurry process was 2-butanone, although an additional compound (1-butanol) classified as a Tentatively Identified Compound (TIC), which supports this conclusion, can be found in the individual Panther, LLC report set forth in Appendix I-C.
Note: REIC Labs, which provided the lab analyses for all samples taken in support of this assessement, confirmed that the concentrations reported for the semi-volatile organic compound, bis(2-ethylhexyl)phthalate were lab artifacts and not associated with the samples taken from the various sites. This means that the compound is present throughout the laboratory environment and can be detected in some samples.
The organic characterization data did not reveal a universal conservative (stable in the environment) tracer that could be used in future environmental assessments relative to slurry impacts.
Inorganic Chemistry of the Solid Phase of the Slurry - Tables SC-CI In all the liquid slurry samples from all the sites, Na concentrations were the greatest; ranging from 58.8 mg/L to 272.0 mg/L. Calcium, Mg and K were the next three highest ranking concentrations for all samples. Sulfate concentrations were highest in the slurry liquid phase for all samples at all sites, except for Panther where chloride was the most dominant constituent.
Relative to the heavy metals, no concentrations were reported for Cd and Hg. Silver and Ti were only reported at the detection level for the samples at Power Mountain. It is interesting to note that neither of these metals had concentrations reported in the solid sample at Power
Mountain. Of the other metals analyzed, Al, Ba, Mn and Mo all had notable concentrations.
A review of the inorganic data did not reveal a universal conservative tracer that could be used in future studies. In fact, the predominant constituents found in the solid and the liquid phases are the same as those found in coal and coal mining impacted waters. in the sample at Panther (0.012mg/l), as did lead, which exceeded the standard of (0.015mg/l) at 0.0762 mg/L. Panther is not currently injecting.


Findings and Conclusions
The review team chose six underground injection control permits to evaluate. Four were reviewed as part of a hydrologic assessment and an additional two were evaluated for only slurry constituents. The team then gathered slurry, water, and coal samples to evaluate 175 parameters, most of which are not routinely tested as part of a mining operation. This hydrologic assessment aspect of the SCR-15 study was not included here but can be found online as previously detailed.
No universal tracer was found to indicate the presence of coal slurry as distinguished from other mining activities on surface and groundwater. Slurry is similar to coal in its composition.
Because manufacturers of the products often do not identify proprietary chemical compositions,
there is insufficient information on the chemicals used in the coal preparation process. It is recommended that all chemicals used in the coal preparation process be fully detailed for operations that are permitted to inject slurry.
Despite the fact that the mines studied were below or partially below drainage, several of the mines had documented artesian flow -or internal pressure pushing slurry to the surface. A below-drainage mine is one where the coal seam is lower than the surface drainage feature.
Many of these mine pools are pumped to control mine pool elevations. For these reasons, all mine pools that receive coal slurry must be closely monitored.
All of the deep mines evaluated in this study are below or partially below drainage. The majority of the mine workings are located below surface drainage with the exception of entries located at the up-dip end of the mines. Conceptually, waters associated with the deep mine workings below drainage are less likely to impact surrounding groundwater due to the low permeability of the strata surrounding the mine pools. Therefore, it is less likely for slurry and its constituents located in the deep mine pools to impact the surrounding groundwater. Based on available data found in the complete SCR-15 report, this study can neither confirm nor disprove this statement.
Most sites lacked adequate background data on mine pools and groundwater monitoring. All proposed slurry injection sites should be required to conduct detailed baseline monitoring. All existing slurry injection sites and sites permitted for injection in the future should be required to conduct detailed groundwater monitoring throughout the life of the permit.
Samples taken downgradient in a mine pool where slurry injection occurred showed no physical evidence of the migration of slurry solids. In addition, samples taken from two adjacent mine pools showed no physical evidence for the migration of slurry solids.
Two of the four sites showed the effects of injectate on the mine pools. Certain constituents, such as alkalinity, Total Dissolved Solids, sulfates, and some organics, had migrated from the slurry into the mine pool that received the injection. Migration of slurry chemical constituents from the mine pool to the surrounding surface water was not confirmed. It is recommended that all slurry injection sites conduct baseline sampling then monitor all water wells in use within one half mile of the mine pool that receives injectate throughout the injection process.
None of the four sites exhibited water quality impacts to surface waters due solely to slurry injection at the time of sampling.
Two public water supplies draw water from the same mine receiving slurry injection. The finished consumable water from both public water systems met EPA Primary Drinking Water
Standards at the time of the sampling event.
In summary, no adverse effects to surrounding surface and ground waters due to slurry injection were observed from the samples taken. Pending the full implementation of all recommendations proposed in this study, the WVDEP is imposing a moratorium on the approval of the injection of coal slurry into mine voids in which coal slurry injection has not previously been approved under the modern era program (since 1999).
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